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A Helmbholtz resonator is placed in a room with distinct acoustic modes, and is tuned to one of the cor-
responding resonant frequencies. The optimal resonator damping ratio is investigated, as a goal-depen-
dent value. For example, minimizing reverberation time requires a different damping ratio from
minimizing the sound pressure level. The optimum damping values for a Helmholtz resonator are analyt-

ically computed, and then verified by means of experimentation. Furthermore, a construction is intro-
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duced which allows for a fine adjustable setting for the eigenfrequency and the damping ratio of the
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1. Introduction

Resonant acoustic modes prevent small and medium-sized
rooms from having a smooth frequency response, and also cause
long reverberation times. Especially in sound studios or acoustic
measurement rooms these effects must be prevented. In order to
diminish these effects a Helmholtz resonator (see [1,2]) can be
used.

An appreciable smoothing of the frequency response is only
possible if the Helmholtz resonator is properly tuned, placed in
the right place and the damping of the resonator is set to an
appropriate value. To affiliate the optimal parameters it is neces-
sary to understand the physical interaction between a Helmholtz
resonator and the room mode. For this we use a model, published
by [3], in which the room is modeled as a continuum and the
resonator as a simple mass oscillator with a single degree of free-
dom. The eigenfrequency of a Helmholtz resonator is considered
in different sources [4-6] and is not subject of this study. Using this
model it is possible to draw an analogy to dynamic vibration
absorbers [7], such that it is possible to use similar mathematical
approaches.

Up to now the damping ratio of Helmholtz resonators has been
designed by trial and error. As a result of this study we achieve
optimal damping parameters, which will simplify the application
of Helmholtz resonators.
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2. Modelling

The free interaction between a Helmholtz resonator and an
acoustic mode in a room is described by [3]:

. . 2 .
u(t) + 2tnondu(t) + RTn(0) = - ) 1)

= Anlriw) g, ) @)
eff

E(t) + 20ur@urE(L) + OFRE(L)
in which Ty(t)Rn(r) is the potential function of the sound particle
velocity of a distinct room mode, with index N. The subscript HR
indicates parameters of the Helmholtz resonator. The term w
denotes the eigenfrequency and ( is the damping ratio. The volume
of the room is V, and the mode normalization factor is Ay. The term
c is used for the sound velocity, and A for the orifice area of the
resonator. The coordinate of the oscillating air in the resonator
orifice is &, and the effective length of this air column is leg. The
position of the resonator is given by ryr. Additionally, an active
sound source, such as a loudspeaker, can be placed at the position
ris in the room. In analogy to the resonator, which works as a
reactive sound source, the loudspeaker can be modelled by the term

f%:LS)QLS(t), in which Qs(t) describes the volume per unit time
displaced by the loudspeaker membrane, which yields
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The following arithmetic is analogous to that used for mechanical
vibration absorbers in [7]. Concentrating the variables Ty(t) and
Tn(t)

&(t) in a vector x(t) = (é(f)

>, Eqgs. (2) and (3) can be written as:
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are used. In the next step, the Eq. (4) is operated on by the Laplace
transform:

S°MX(s) + sDx(s) + Kx(s) = q(s) (8)
The shorthand

S(s) =s*M +sD + K 9)
leads to

S(s)x(s) = q(s), (10)
S (s)q(s) = X(s). (11)
Multiplying by s yields

sS7(s)q(s) = sx(s), (12)
and using the shorthand

Y(s) :=sS7'(s), (13)
results in

Y(s)q(s) = sx(s). (14)

The sound pressure p(ry, S) in the room at a point ry is given by

p(rw,s) = —poR(ru)Tn(s), (15)
= —PoR(rm)sX11(s). (16)

This means that Y;4(s), multiplied by the time invariant factor,
—poR(ry), is the transfer function between a source signal, q(s),
and the sound pressure, p(ry, ), at any point in the room, whose

location is given by the vector ry. Inserting all of these described
values into Eq. (13) yields
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Eq. (7), combined with the expression for the eigenfrequency of the
Helmbholtz resonator,
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The term W in Eq. (19), is analogous to what [3] termed
. N
the coupling parameter &:
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The term Ry(r) is the location-dependent factor of the potential
function of the particular velocity, which is in zero in a node and
equal to one in an antinode. The term Ay can be determined by

MVR(r)zdﬁ drzdr3
Ay = AR

In rectangular shaped rooms it is Ay = % for axial modes, Ay = }1 for
tangential modes and Ay =} for oblique modes.

It is useful to cast these equations using dimensionless param-
eters. In addition to {yg, {y and &, the dimensionless term
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is introduced. Using these normalized values, the Eq. (17) can be

written as:
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with
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and
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In the following the system is considered in a steady state, thus
the system can be transformed via a Fourier transformation into a
frequency spectrum with the variable . Further the dimensionless
frequency 7 is used for the term . Hence the square norm
|Y11]%(n7) becomes:
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Clearly wy affects [Y11|*(n) with the factor L. When |Y11/%(r7) is
plotted logarithmically, a change of wy only causes a translation
but not a change of the curve’s form, so that wy can be set to an
arbitrary value. For ease of comparison, wy should be chosen such
that the function with the parameter ¢ =0 has its maximum at
1=:0dB. This function with the parameter ¢&=0 describes the
square of the sound pressure in the room without a Helmholtz res-

onator in it. Solving the equation for wy,

Y u(e=0v=1n=1=1 (25)
yields wy = ﬁ Inserting this into Eq. (24) leads to

a
Y ulPn) =42 (26)

3
with

as = 4G (* + 2(=1 4+ 2G)* v +v*)



Download English Version:

https://daneshyari.com/en/article/7152871

Download Persian Version:

https://daneshyari.com/article/7152871

Daneshyari.com


https://daneshyari.com/en/article/7152871
https://daneshyari.com/article/7152871
https://daneshyari.com/

